INTRODUCTION
This report documents the post delivery testing of the Optical Alignment System (OAS), LDUA system number 6250, designed for use by the Light Duty Utility Arm (LDUA) project. The post delivery test was performed by the Remote System and Sensor Applications (RSSA) group and the Nondestructive Examination (NDE) group. The post delivery test shows by demonstration that the optical alignment system is fully operational to perform the task of aligning the LDUA arm and mast with the entry riser during deployment operations within a Hanford Site waste tank. The test did not include radiation testing or all environmental testing. These factors were reviewed during the design phases of the project and were deemed acceptable based on published data on radiation and environmental components used in the camera designs. Testing of the purge system to meet the requirements ofNFPA 70 National Electrical Code (1993), Class 1 Division 1, Group B requirements, NFPA 496, Standard for Purged and Pressurized Enclosures for Electrical Equipment (1993), and Hanford Safety Class 1 requirements for shutdown of the system was not performed. Full testing to meet these requirements will be performed during the overall LDUA qualification test. The OAS did undergo pressure and decon testing to demonstrate end effector integrity. An additional test to verify maximum external temperature of the OAS under normal operations was performed and documented. Completion of this post delivery test report signifies that the OAS is ready for integration testing with the LDUA Supervisory Data Acquisition System (SDAS) and precision calibration of the laser sensors as part ofWHC-SD-Wh4-TC-070, Rev, 0, Calibration, Grooming, andAlignment of the W U A Optical Alignment Scope (Potter 1995).
DESCRIPTION OF TEST
The system under test is the LDUA system 6250, OAS. The property number is a Westinghouse Savannah River Company number, 00375309. The system tested included the OAS end effector, common video end effector electronics (CVEE), and the CVEE power supply. The OAS is the first alignment system developed for the LDUA program as part of the new technologies initiated through the Department of Energy's Office of Science and Technology. Figure 1 shows the OAS end effector which includes an internal camera, laser projectors, and proximity sensors.
Attachment 1 is the completed acceptance test describing each step of the test. Attachment 2 is the completed Nondestructive Examination (NDE) report. Attachment 3 is a computer printout of the Labview virtual instruments that were loaded to operate this system during testing.
1

WC-SD-TD-TRP-005, Rev 0
FI GURE 1 OPTI CAL ALI GNMENT SYSTEM (OAS) END EFFECTOR
TESTRESULTS
The OAS system performed satisfactory during the post delivery test. All system requirements were evaluated against the criteria in the test procedure. Three exceptions occurred during the post delivery test. Two of these were noted to clarifj~ the "Focus" function during normal operation. The third was to indicate failure of a component under possible operation conditions. The exceptions were as follows: Exception #1: In procedure step #lo, it was noted that the "NEAR" focus was to be used to focus the object in the "TELE" mode. In reality, the NEAR and FAR focus work together, therefore it is necessary to use either the NEAR or FAR focus depending on where you are in the focus range. This exception is therefore resolved.
Exception #2: Same as exception #1, but for the "FAR" focus instead.
Exception #3: In procedure step #14, during the temperature test, the line lasers stopped working. This occurred when the temperature rose to around 70 "C. All other systems (dot lasers, proximity lasers, and camera) fUnctioned normally at the maximum temperature of 94 "C. It has been noted that the line lasers are not mandatory for OAS alignment during LDUA operations. Therefore this exception is resolved in that the line lasers do not need to be available for LDUA alignment. In all actuality, during the alignment process, the lighting system will be used very sparingly and only one or two sets of lights (2 light pairs) w i l l be on for short durations of time. The OAS will not get nearly as hot as during this test, therefore the line lasers will probably be available for riser alignment if needed, The line lasers function normally after they have cooled down.
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The temperature test in step #14 provided verification that the maximum external temperature of the protected enclosure was below the autoignition temperature of the flammable gas within the waste tank. The gas of concern in Hanford's waste tanks has been hydrogen which has an autoignition temperature of 520 "C. Figure 2 is a graphical display of the temperature rise of the OAS end effector until the temperature stabilized. The maximum temperature reached during the test was 94 OC. This value is far below the autoignition temperature of hydrogen. 
OAS Temperature Data
FIGURE 2 OAS TEMPERATURE DATA
The decon test provided verification that the OAS end effector would not leak a substantial amount during the decon spray process. The OAS was brought to a downtown car wash and sprayed using a rinse nozzle which was operated at approximately 1000 psi. The spray wand was held at a distance of approximately 8 inches from the OAS and was moved eom top to bottom (OAS was setting vertical on the ground) in approximately 3 seconds. The spraying was done in 4 passes, 90 degrees apart around the circumference of the end effector. The OAS was dried off externally and then disassembled at its midpoint so the interior of the end effector could be examined. It was noted that a small amount ofwater did leak into the end effector, approximately 1 cubic centimeter. This seemed to originate near the center band (O-ring joint area where the dot lasers project) and when the OAS was laid horizontally it ran down circumferentially and gathered in the lower section. The amount of leakage was acceptable under the conditions of this test. During actual deployment, a bead of high temperature sealant will be applied to the seam area to discourage any water intrusion during deconning.
A pressurdeak test was performed to demonstrate integrity of the OAS under operating pressures of +/-7 inches ofwater. The system showed no visible degradation. A leak rate was measured to be approximately 14 standard cubic centimeters per second (14 STD CC / Sec) at the normal operating pressure of the LDUA. This leak rate is considered to be acceptable. The majority of this leak was concentrated around the lower O-ring assembly near the fiont viewing WHC-SD-TD-TRP-005, Rev 0 end of the OAS. The LDUA team may consider it acceptable to use a high temperature sealant and seal the lower O-ring joint at a later time. This will still allow the OAS to be separated at the mid point joint for maintenance purposes.
CONCLUSIONS AND RECOMMENDATIONS
The post delivery test of the OAS demonstrated that the end effector system hnctioned according to design criteria established in WHC-SD-TD-FRD-003, Rev. 1, Functions and Requirements for ihe Lighi-Duty Uiility Arm Zniegraied system (Kiebel 1996) .
DISPOSITION OF TEST ITEM
The OAS end effector is now ready for integration testing with the LDUA SDAS system and precision calibration of the laser sensors as part of WHC-SD-W-TC-070, Rev. 1, Calibraiion, Grooming, and Alignmeni of ihe LDUA OpiicaI Alignment Scope (Potter 1995). It will remain in the Fuels and Materials Examination Facility (FMEF) until the completion of qualification testing. 
If an exception
If no exceptions occur, write "none" and
INSTRUMENTS AND CALIBRATION
A temperature indicating device will be used to measure the temperature of the outside of the camera from initial startup until a stabilized maximum temperature is reached. This device will have a current WHC-SD-TD-TRP-cl05, Rev. 0 c a l i b r a t i o n s t i c k e r from t h e Standards Laboratory. During pressure t e s t i n g , a pressure gauge w i l l be used t o measure pressures i n s i d e of t h e end e f f e c t o r . This sensor s h a l l have a c u r r e n t c a l i b r a t i o n s t i c k e r from t h e Standards Laboratory.
FACILITIES, EQUIPMENT, AND MATERIALS
The OAS w i l l be t e s t e d i n t h e Fuels and M a t e r i a l s Examination F a c i l i t y (FMEF) on t h e 42' -6" l e v e l and i n t h e Nondestructive Examination Laboratory i n 306E. necessary t o perform t h i s post d e l i v e r y t e s t : Leak t e s t equipment ( t o be provided by NDE group)
Miscellaneous (e.g. duct tape, common t o o l s , e t c . )
SAFETY
The OAS system i s a completely enclosed camera system, t h e r e f o r e no external w i r e s o r mechanical assemblies w i l l be exposed as a shock hazard.
The OAS does c o n t a i n t h r e e l a s e r systems.
Exposed w i r i n g a t t h e Hypertronic connections i s l o w voltage.
The f i r s t system produces l i n e s o f l a s e r l i g h t when p r o j e c t e d a x i a l l y from t h e end e f f e c t o r onto a surface. There are f o u r o f these l a s e r s which are c l a s s I I I a . The second system produces l a s e r dots when p r o j e c t e d a x i a l l y from t h e end e f f e c t o r onto a surface. There are f o u r o f these l a s e r s which are class I I I a . The t h i r d system i s made up o f l a s e r p r o x i m i t y sensors l o c a t e d symmetrically on t h e ends o f t h e end e f f e c t o r . They p r o j e c t r a d i a l l y outward t o measure t h e d i s t a n c e from t h e end e f f e c t o r t o t h e r i s e r w a l l . There are e i g h t o f these l a s e r s which are c l a s s I I I a . A l l l a s e r systems have v i s i b l e l i g h t wavelengths between 680 nm and 690 nm. LDUA personnel w i l l use appropriate l a s e r s a f e t y glasses when working w i t h t h e l a s e r s where d i r e c t beam exposure i s l i k e l y . A l l LDUA personnel w i l l read and adhere t o t h e l a s e r s a f e t y plan.
During temperature t e s t i n g , t h e surface o f t h e end e f f e c t o r may reach approximately 140 degrees Celsius, therefore care must be taken by test personnel during this testing. A sign reading "HOT, DO NOT TOUCH", will be located next to the end effector.
MAINTENANCE AND FAILURES
There are no components within the OAS which should require maintenance during the testing period. If any component fails during the testing period, and it can be replaced immediately, then the condition shall be documented under the exception portion of Appendix A and testing shall continue. If the failure is catastrophic (component cannot be readily replaced or needs to be reordered) then the procedure will be stopped and repeated at a later date.
The extent of the OAS post delivery test should be short in duration, so no test interruptions are expected.
TEST DATA
Test data from the temperature and pressure measurements will be logged into the appropriate sections of Appendix A. A graphical plot depicting temperature versus time will be documented in an Post Delivery Test Report. During the post delivery test the witnesses will sign off in appropriate sections of the test procedure to indicate that the equipment is operating as expected.
PERSONNEL REQUIREMENTS
All personnel involved in the performance of this test shall print and sign their name, initials, position, and date of signature prior to beginning the testing in the personnel record section of Appendix A.
The operation of the equipment will be performed by the LOUA end effector cognizant engineer and/or designated end effector technician. This person will perform the operations and the LDUA end effector cognizant engineer will sign off the associated steps as to their acceptance. effector technician.
WITNESSES
All witnesses will be notified immediately proceeding the beginning of the test. completion of specific steps with either their signature or their initials and date. LDUA cognizant engineer shall record the exception, write in the resolution, and sign and date. in the exception shall also sign and date. If the exception is such that no immediate resolution is attainable, the test will be aborted until the problems are resolved. Once resolved the test will be repeated at a later date.
It is expected that the complete test will last no more than 8 hours. temperature data sheet. Appendix B provides pictures of the components used as part of this post delivery test. to those components described in the test procedure.
PROCEDURE
It provides a visual reference
DISPOSITION OF TEST ITEM
All test materials will remain in the FMEF test facility for future use.
The actual end effector system tested will now be ready for integration testing with the LDUA SDAS system.
DATA SHEETS
No further data sheets will be necessary to support the testing of this end effector system. All verifications of testing will be signed directly within this procedure under Appendix A.
APPENDIX A LIGHT DUTY UTILITY ARM OPTICAL ALIGNMENT SYSTEM (OAS) POST DELIVERY TEST PROCEDURE
This procedure w i l l be used t o perform t h e actual post d e l i v e r y t e s t i n g o f the
OAS system. procedure i n t h e blank spaces as indicated.
As each step i s performed signatures s h a l l be logged onto t h e
Step 1: N o t i f y a l l witnesses ( t o i n c l u d e End E f f e c t o r Cognizant Engineer, NDE personnel, and End E f f e c t o r Technician) immediately p r i o r t o commencing t h e t e s t .
DECONTAMINATION TEST
Step 2: Transport t h e OAS t o a f a c i l i t y which has a h i g h pressure water wash system (-500 p s This completes t h e decon t e s t .
i ) . Seal t h e end o f t h e OAS w i t h a gasket seal and cover p l a t e . Set t h e OAS u p r i g h t on a piece o f foam a t ground l e v e l . Use a metal p o l e secured t o t h e t o p o f t h e OAS t o s t a b i l i z e d u r i n g t h e wash down.
WARNING, WATER SPRAY AT 500 PSI CAN BE HAZARDOUS. TO ASSURE THAT PERSONNEL ARE PROTECTED FROM THE SPRAY.
USE CARE
Using t h e high pressure water spray, r i n s e t h e e x t e r i o r o f t h e OAS uniformly. Move t h e spray wand from t o p t o bottom, covering t h e l e n g t h o f t h e OAS i n roughly 3 seconds. Perform t h i s spray t e s t a t 0 degrees, 90 degrees, 180 degrees, and f i n a l l y a t 270 degrees around t h e circumference o f t h e OAS. Discontinue t h e water r i n s e and immediately d r y o f f t h e e x t e r i o r o f t h e OAS. Disassemble t h e middle p o r t i o n o f t h e OAS so t h a t t h e i n t e r i o r o f t h e
A-1 PRESSURE/LEAK TEST
Step 3: Transport t h e OAS end e f f e c t o r , cover p l a t e assembly, and c a l i b r a t e d pressure gauge t o t h e 306E f a c i l i t y . The NDE group w i l l perform an i n f o r m a t i o n o n l y pressure/leak t e s t . This t e s t w i l l p r o v i d e a v i s u a l assessment o f t h e i n t e g r i t y o f t h e OAS when subjected t o a t/-7 inches o f water pressure, and a q u a n t i t a t i v e assessment o f t h e l e a k r a t e out o f t h e OAS under t h e assumed maximum purge pressure o f 7 inches o f water. The post d e l i v e r y t e s t r e p o r t w i l l include t h e NDE t e s t data.
A V e r i f i c a t i o n :
Exceptions/Notes:
This completes pressure t e s t i n g .
FUNCTIONALITY TEST
Step 4: Transport t h e OAS t o t h e mezzanine l e v e l o f FMEF. OAS on t h e nylon t e s t f i x t u r e s used f o r OAS t e s t i n g . Connect t h e LDUA u m b i l i c a l between t h e CVEE box and t h e connectors on t h e OAS. The H y p e r t r o n i c connectors have been pre-marked. Only t h e end e f f e c t o r cognizant engineer o r h i s designee can perform t h i s step. Connect a l l o t h e r w i r i n g as show i n t h e F i g u r e 1. T h i s t e s t c o n f i g u r a t i o n w i l l t e s t t h e end e f f e c t o r , t h e w i r i n g i n t e r f a c e between t h e end e f f e c t o r and t h e CVEE which w i l l be l o c a t e d i n t h e
A t Tank Instrument Enclosure (ATIE), and t h e o p e r a t i o n o f t h e P o s i t i o n t h e
A-2
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CVEE. Since the LDUA is not yet at Hanford, this test configuration will simulate the final conditions. Complete integration testing will be performed as the components are completed and assembled. LDUA qual if ication testing.
Full testing will be performed during
poM.
TV Monitor -
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Plug in the power cord supplying.power to the CVEE, computer, monitor, , TV monitor, and CVEE power supply chassis. the system. the front of the CVEE power supply chassis using the toggle switches.
Power up LED's above each of the toggle switches should light
This power up will include turning on each supply on UO.
Step 5 Computer system shall now be in "boot" procedure. booted into the "Labview" window. The OAS has a black and white video camera inside. The separate television monitor should provide a visual feed from the OAS camera. coaxial connections have been made. suspend the test.
Step 7 
Windows is a trademark of Microsoft Corp.
A-4 S e l e c t " button. The next screen should be t h e "CVEES Screen S e l e c t i o n " as before. button.
The OAS main f u n c t i o n c o n t r o l screen ( v i r t u a l instrument) should now be o p e r a t i o n a l . b u t t o n with t h e mouse and c l i c k . A p a i r o f l i g h t s on t h e OAS should t u r n on. a r e on and perform t h e boot procedure again. i s no f u n c t i o n c o n t r o l susaend t h e t e s t .
Now press t h e OAS End E f f e c t o r
Step 8: To t e s t t h i s , touch t h e G1 I f not, make sure a l l power connections I f t h e r e s t i l l V e r i f i c a t i o n : ~Z~~J , L "/6/4 0 .
a t e ExceptionsfNotes:
Step 9: P o s i t i o n t h e OAS so t h a t o b j e c t s can be viewed i n both t h e near f i e l d and f a r f i e l d . Using t h e mouse button c l i c k on t h e G1 button. The f i r s t p a i r o f l i g h t s should come on. V e r i f y t h a t t h e y are on and are b r i g h t .
Turn o f f G1. are b r i g h t . Turn o f f 62. Repeat these steps f o r 63 and 64.
A f t e r each l i g h t p a i r has been shown t o operate properly, t u r n on a l l l i g h t p a i r s and v e r i f y t h e y are a l l on and are b r i g h t . o f f a l l the l i g h t s except G1.
Each s e t o f l i g h t s w i l l now be tested. Now t u r n on 62. Again v e r i f y t h a t t h e y are on and
Turn
Excepti ons/Notes :
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Step 10: In this step we will test the camera control functions, zoom, focus, and iris. 
A-I ?/&b
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Step 11: Turn o f f a l l o f t h e l i g h t s on t h e OAS. P o s i t i o n a v e r t i c a l surface o u t i n f r o n t ( a t approximately 10 f e e t ) o f t h e OAS p r o v i d i n g a backstop f o r l a s e r t e s t i n g . To f i r s t t e s t t h e p o i n t l a s e r s , c l i c k t h e mouse on e i t h e r "A" b u t t o n on t h e p o i n t l a s e r s c o n t r o l diagram. should t u r n on. These l a s e r s should be d i a m e t r i c a l l y opposite o f each other. Turn o f f these l a s e r s . Now c l i c k t h e mouse on e i t h e r "8" b u t t o n on t h e p o i n t l a s e r c o n t r o l diagram. The o t h e r two p o i n t l a s e r s should t u r n on. These l a s e r s should a l s o be d i a m e t r i c a l l y opposite o f each o t h e r and 90 degrees from t h e previous l a s e r set. lasers. Now move t h e v e r t i c a l surface approximate 30 f e e t away from t h e OAS ( i f possible). Turn on a l l f o u r p o i n t lasers. Using t h e t e l e v i s i o n monitor observe t h e camera view o f t h e p o i n t lasers. seen by a d j u s t i n g t h e i r i s c o n t r o l and minimizing l i g h t i n g . Turn o f f a l l l a s e r s and camera l i g h t i n g . Return t h e v e r t i c a l surface t o i t s o r i g i n a l p o s i t i o n ( a t approximately 10 f e e t ) . Note: Lasers may n o t be e x a c t l y aligned. Actual c a l i b r a t i o n and alignment o f these sensors w i l l be performed as p a r t o f the Test Procedure f o r C a l i b r a t i o n , Grooming, and A1 ignment o f t h e LDUA O p t i c a l Alignment Scope, WHC-SD-WM-TC-070, Rev. 0.
A
Two o f t h e p o i n t l a s e r s
Turn o f f these V e r i f y t h a t they can e a s i l y be V e r i f i c a t i o n :
A-7
Step 12: Now t o t e s t t h e l i n e lasers, c l i c k t h e mouse on e i t h e r "A" b u t t o n on t h e l i n e l a s e r s c o n t r o l diagram. l a s e r s should t u r n on. b u t t o n on t h e l i n e l a s e r c o n t r o l diagram. The o t h e r two p o i n t l a s e r s should t u r n on. t h e v e r t i c a l surface should resemble a t i c -t a c -t o e c o n f i g u r a t i o n . Turn o f f these l a s e r s . Now move t h e v e r t i c a l surface approximate 30 f e e t away from t h e OAS ( i f possible). Turn on a l l f o u r l i n e lasers. Using t h e t e l e v i s i o n monitor observe t h e camera view o f t h e l i n e l a s e r s . V e r i f y t h a t they can e a s i l y be seen by a d j u s t i n g t h e i r i s c o n t r o l and minimizing l i g h t i n g . Turn o f f a l l l a s e r s and camera 1 i q h t i n q A R e m o v e t h e v e r t i c a l surface.
Two o f t h e l i n e Now c l i c k t h e mouse on e i t h e r "B"
The image you should see on
ExceptionsJNotes:
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Step 13:
We w i l l now t e s t t h e p r o x i m i t y sensors f o r f u n c t i o n t e s t i n g only. Actual c a l i b r a t i o n t e s t i n g o f these sensors w i l l be performed as p a r t o f t h e Test Procedure f o r C a l i b r a t i o n , Grooming, and Alignment o f t h e LDUA Optical Alignment Scope, WHC-SD-WM-TC-070, Rev. 0. Using t h e displacement l a s e r s button, t u r n on a l l p r o x i m i t y sensors. A l l e i g h t sensors should come on a l l together. V e r i f y a l l sensors are on by h o l d i n g ones hand over t h e o p t i c a l windows l o c a t e d around t h e circumference o f t h e OAS. Using a f l a t surface (piece o f wood w i l l do) move t h e surface up t o t h e face o f t h e o p t i c a l window, then s l o w l y move i t away. V e r i f y t h a t each reading on t h e displacement l a s e r diagram changes i n a p r e d i c t a b l e manner and i s approximately the same f o r each sensor (readings should be V e r i f i c a t i o n :
This completes t h e OAS f u n c t i o n a l i t y t e s t .
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CAMERA TEMPERATURE TEST
Step 14:
Place the OAS in a position so that the heat from the lights will not cause any hazard. Connect the temperature indicating device to the front face of the OAS using a thermocouple under the cap screw next to the lighting. .
Instrument
LDUA End Effector Cognizant Engineer
Date < < h 6
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TEMPERATURE DATA SHEET
The temperature of t h e OAS system i s taken t o v e r i f y t h a t t h e e x t e r n a l temperature o f t h e p r o t e c t e d enclosure i s s u f f i c i e n t l y below t h e a u t o i g n i t i o n temperature o f t h e flammable gas w i t h i n t h e waste tank. The temperature reading i s taken w i t h t h e thermocouDle l o c a t e d adjacent t o t h e l i g h t s on t h e camera module which i s expected t o be t h e hottest-area.
A-12
